In this research, it has been evaluated concentration effect of Cd 2+ ion used as the Cd From the adsorption data obtained, they show that initial concentration differences of the imprinted Cd 2+ ion produce different adsorption models of the Cd 2+ ion. The bigger the Cd 2+ ionic imprinting fraction, the higher the adsorption rate (k 1 ) and capacity (q) of Cd 2+ ion on the adsorbent.
INTRODUCTION
Increasing of heavy metal using in a life activity has given the negative impact as environmental pollution derived from an industrial processing or heavy metal using at an environment [1] [2] [3] . Cd is one of heavy metals much more used in industry such as; gold coating industry, battery, rubber, and pigment used in ink, paint, as well as plastic 4 . The Cd metal is also exist naturally and also found in food although in small amount adsorbed by intestines 5-8 %. Cd is not biodegradable and it can be accumulated in human or animal body for a long time. The long-term exposure is associated with a renal dysfunction, obstructive lung diseases such as lung cancer. Cd may also produce bone defects (osteomalacia and osteoporosis) in humans and animals 5 .
In recent years, an adsorbent synthesis to bind heavy metals runs continuously to reduce theirs concentration and spreading in an environment especially in water [6] [7] [8] . Success of heavy metal adsorption process depends on the adsorbent types used. Selection of the adsorbents will determine selectivity parameters and adsorption capacity to heavy metals. Criteria of good adsorbent to be improved is not soluble in water and organic solvent, having big specific surface area, high adsorption capacity and selectivity to metals which will be separated, and reusability for continuous extraction 9, 10 . Ability of the adsorbent to bind heavy metals is very affected by active site availability on adsorbent. Several researches were performed to increase a number of active sites through adsorbent modification with adding specific functional groups 11, 12 . In addition, it was performed increasing of the adsorbent active site selectivity to target metal ion via an ionic imprinting technique [13] [14] [15] [16] [17] [18] .
The ionic imprinted material synthesis technique is a potential technique to produce a selective material to metal ions. In the ionic imprinting technique, adsorption selectivity of metal ions can be produced because existence of metal ions plays a role as a template and a monomer containing functional groups in a polymer synthesis. Releasing of metal ions as template from a polymer matrix will cause a formation of ionic imprinted cavities and an arrangement on the ionic imprinted material which will bind target ion selectively [19] [20] [21] . In addition, the ionic imprinted material is relatively cheap and it can be stored at room temperature for a long time.
Effect of the active sites from modification result with addition of functional groups and ionic imprinting process to improve selectivity on adsorbent in adsorbing metal ion (adsorbate) can be known through evaluation of kinetic parameter and adsorption isotherm of metal ion with adsorbent [22] [23] [24] . In this paper, it was studied the effect of the active sites as the amino-silica hybrid ionic imprinted fraction on adsorption rate and adsorption capacity of Cd(II) ion from solution because equilibrium provide fundamental physicochemical data for evaluating the applicability of sorption processes as unit operation 25 . Chemical equilibrium is described by isotherm equation expressing surface characteristic and adsorbent active site affinity at certain temperature and pH. The adsorbent containing different number and active site type will have a different adsorption characteristics.
The effect of ionic imprinted cavity fraction formed as the active sites on adsorption characteristic was studied with interacting the adsorbent containing different ionic imprinted (template) concentrations to Cd 2+ ion in solution. The interaction was evaluated with a kinetic model and an adsorption isotherm to determine the adsorption rate, adsorption isotherm model, and adsorption capacity value. Besides that, in the solution effect of pH is very important because the existence of H + ions which is big enough will competitive with metal ions to place the active sites on adsorbent which will influence the ability of metal ion adsorbed 26 . In this paper also, it was studied the adsorption model of metal ions on the ionic imprinted material with H + ion concentration variety to the active sites availability to bind the Cd 2+ ions from solution.
MATERIALS AND METHODS

Materials and equipments
Reagent used in this work consisted of 3-aminopropyl-trimetoxyslane (APS), from Aldrich, TEOS, CdCl 2 ·H 2 O, Na 2 EDTA, CH 3 COOH, ethanol, CH 3 COONa, and filter paper Whatman 42 from E-Merck, as well as HCl and NaOH from Alba. Apparatus used besides standard glass, it was also used supporting and analysis apparatus. The supporting apparatus consists of analytical balance (Mettler AE 160), sieve (200 mesh), and oven (Fisher Scientific), magnetic stirrer, centrifuge (OSK 6474B Centrifuge), and pH meter (Orion 4 Star). Analysis instrumentation performed in this research consisted of an atomic adsorption spectrophotometer (AAS) (Perkin Elmer 3110) applied to calculate the metal concentration and IR spectrophotometer (Prestige 21 Shimadzu) used to analyze the functional groups. Identification of surface morphology and element composition were performed with using a SEM-EDX (JSM 6360 LA). Identification of the material surface area was applied by surface area analyzer (Quantachrome Nova 1200e).
Adsorbent Preparation
In Cd(II)-IIP synthesis, the synthesis used 
Batch adsorption experiments
Exper iments were perfor med with interacting 50 mg of the adsorbent in a series of Erlenmeyer flasks containing Cd To investigate the adsorption process optimization, it was performed correlation approach between the Cd 2+ ion amount adsorbed experimentally with a batch method and the Cd 2+ ion amount adsorbed estimatically via the adsorption isotherm equations using Langmuir, Freundlich, DubininRadushkevich, and Temkin model. The isotherm model parameters were evaluated to determine the root mean squared error (RMSE) and Chi-square test (χ 2   ) 16,22 with these equations below:
... (2) ... (3) where q i,exp and q i,cal are obtained from the experiment result and estimation result via the adsorption isotherm equation, m is the number of observation in the experimental isotherm. A smaller RMSE value indicates a better curve fitting, moreover, if the data obtained from the model are close to the experimental results, χ 2 will be a small number 22, 28 .
RESULTS AND DISCUSSIONS
Synthesis and characterization of material
The effect of the Cd 2+ ion concentration used as a template on synthesis of Cd(II)-IIP material from the amino-silica hybrid was studied with using the initial concentration for Cd ( In order to identify the active sites playing a role to the Cd 2+ ion adsorption, identification of functional groups, surface morphology, element compositions, surface area, volume, and porous diameter of the adsorbent were investigated in this experiment. IR spectra resulted on analysis of adsorbents, Cd(II)-IIPa, Cd(II)-IIPb, and Cd(II)-IIPc, if they were compared with NIP, they do not show difference significantly (Fig. 1) . These indicate that the NIP ionic imprinting process to be Cd(II)-IIP does not change the functional group type on Cd(II)-IIP.
From Fig. 1 , it can be seen that on Cd(II)-IIP and NIP show relatively similar IR band appearing new band at 2939, 52 cm -1 indicating stretching vibration of CH 2 group and at 1640-1560 cm -1 indicating bend vibrations of primer amine (N-H) 9, 29 . Fig. 2 shows that the surface morphology of Cd-P (Cd with the amino-silica hybrid) (Fig. 2(b) ) appears to be brighter than the surface morphology of NIP (Fig. 2(a) ) and Cd(II)-IIPb (Fig. 2(c) ). This is caused on the Cd-P existed Cd atom producing brighter color (higher accelerating) resulted by Cd atom having high atomic number on the material of Cd-P.
From the surface morphology of NIP, CdP, and Cd(II)-IIPb material (Fig. 2(a-c) ) supported by the EDX spectra of NIP (Fig. 2(d) ) exists only silica, carbon, nitrogen, and oxygen. But, in Fig. 2(e) for CdP, besides the elements (silica, carbon, nitrogen, and oxygen), Cd is found as a template in the ionic imprinted synthesis. The Cd(II) ions were released to produce the ionic imprinted cavity as seen in the EDX spectra from Cd(II)-IIPb ( Fig. 2(f) In Fig. 3 , it can be observed that nitrogen adsorption-desorption isotherm model and graph of relationship between pore volume and pore diameter resulted from measurement of Cd(II)-IIP isotherm tend to follow adsorption isotherm combination of type I and IV based on Brunnauer classification. The adsorption isotherm model of type I occurs in the area of low P/Po, this case can be seen from . From the characterization result of the surface characteristic of Cd(II)-IIP material shows that the material is mesoporous. In addition, it can be stated that the active sites of Cd(II)-IIP material are not only determined by active group modification on silica (amino (-NH), silanol (-Si-OH), and siloxane (-Si-OSi-)), but also determined by the material surface characteristic produced during the ionic imprinting process takes place.
Effect of H + ion concentration on adsorption process
Adsorption of Cd 2+ ion on non-imprinted ionic (NIP), Cd(II)-IIPa, Cd(II)-IIPb, and Cd(II)-IIPc in solution media with various concentrations of H + ions can be seen in Fig. 4 . In Fig. 4 , it can be observed that each material of NIP, Cd(II)-IIPa, Cd(II)-IIPb, and Cd(II)-IIPc with the different ionic imprinted fraction shows a similar adsorption model relatively, the higher concentration of H + ion the lower amount of Cd 2+ ion adsorbed (q). These facts (9) Assuming that the linear model parameters, K a , K S , n and a are independent of the surface active site concentration on the adsorbent surface, the values of these parameters can be obtained by taking the logarithm of both sides of Eq. (9) ... (10) This plot of ln(m) versus ln(L n ) should yield a straight line with the following properties: 26 .
If the data of Fig. 4 were plotted using Eq. 10, then it can be produced Fig. 5 showing the relationship between L n and m to determine the value of n displayed in Table 1 . From Fig. 5 , it can be observed that generally plot of logarithm from partition coefficient resulted from the Langmuir adsorption isotherm equation, ln(m) versus ln(L n ) produced straight line for each concentration variation of H + with the slope n that is nearly similar of 0.5 which means that one active site binds to two Cd 2+ ions.
Adsorption kinetics
In order to know Cd 2+ ion adsorption kinetic model on NIP and Cd(II)-IIP, adsorption data were evaluated with using pseudo-first-order (Eq. (13)) and pseudo-second-order (Eq. (14)) kinetic model as follow 23, 30 : ( ) (14) where q t and q e (mg g -1 ) are total Cd 2+ ions adsorption capacity at time t and at equilibrium, respectively, k 1 and k 2 are the first order and second order rate constants, respectively.
Analysis results of kinetic models are displayed in Fig. 6(a) for the pseudo-first-order kinetic model and Fig. 6(b) for the pseudo secondorder kinetic model. Table 2 shows total Cd 2+ ions adsorption rate constants (k 1 and k 2 ) and correlation coefficients calculated using linearized plots of Eqs. (13) and (14), respectively. In addition, RMSE and χ 2 (Eqs. (2) and (3)) were determined to know Cd 2+ ions adsorption kinetic model tendency on NIP and Cd(II)-IIP with the different ionic imprinted cavity fractions.
In Table 2 can be seen that Cd 2+ ion adsorption process on NIP and Cd(II)-IIP tends to follow the pseudo-first-order kinetic model stated with average linear regression coefficient value (R 2 ) 0.99. This tendency is also supported by RMSE and c 2 smaller than the pseudo second-order kinetic model showing that the data obtained from estimation result using the pseudo first-order kinetic model having value closing with the experiment results. In generally, in Table 2 was observed that k 1 of Cd 2+ ion on the Cd(II)-IIPb adsorbent was relatively higher than the Cd(II)-IIPa and the Cd(II)-IIPc.
Adsorption isotherm
The effect of initial concentration of Cd 2+ ion solution on NIP and Cd(II)-IIP to investigate tendency of the adsorption isotherm model can be seen in Fig.  7 . Fig. 7 e f e C n K q log 1 log log + = ... (16) ... (17) ... (18) ... (19) where, q m is the maximum metal ion amount adsorbed (mg g In Table 3 , it can be seen that increasing of adsorption capacity occurred on Cd(II)-IIP higher than NIP. Surface of Cd(II)-IIP material was to be more selective and specific upon metal ion used as a template. The existence of appropriate acid and base character between Cd 2+ ion and N atom as donor in complex formation in synthesis of ionic imprinted material will produce a selective material to the target metal because the interaction of metal ions and the material runs to be stronger and also to be more selective.
Adsorption capacity of Cd 2+ ion on Cd(II)-IIPb material is relatively bigger than Cd(II)-IIPa and Cd(II)-IIPc material (Table 3) , these results are accordance with the results obtained on determination of the adsorption kinetic model pseudo second order. Evaluation result of the adsorption isotherm shows that difference of template metal ion concentrations (ionic imprinted cavity fraction) will give effect on the metal ion adsorption isotherm model adsorbed.
If the data of Cd 2+ ion adsorption capacity on the Cd(II)-IIP material (Table 3) , respectively 34, 35 . From the research result, it can be known that the adsorption capacity of Cd 2+ ion on Cd(II)-IIP is relatively the highest among the other materials in adsorbing the target metal ion. 
CONCLUSIONS
